Experimental

General methods
Abbreviations：MMT, Methoxyphenyldiphenylmethyl; Fmoc, 9-Fluorenylmethoxycarbonyl; HATU, 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate; DIEA, N,NDiisopropylethylamine; TFA, Trifluoroacetic acid; TIS, Triisopropylsilane; TSP, 2,2,3,3-D4-3-(trimethyl silyl)propionic acid sodium salt.. DMF and DCM were distilled from P 2 O 5 . Other organic reagents were used as commercially supplied without any purification. Fmoc-protected PNA monomers of natural bases were prepared as previously described. 1 DNA and RNA oligomers were obtained from commercial sources. The NMR spectra were obtained using Agilent-NMR-vnmrs600. The chemical shifts are described as δ values in ppm relative to (CH 3 ) 4 Si. The mass spectra were obtained on Waters Acquity SQ Detector. Flash column chromatography was performed using silica gel 60 (100-200 mesh). RP-HPLC analysis and purification of PNAs were performed using C-18 column. Eluent A, 0.1% TFA in 100% water (v/v); eluent B, 0.1% TFA in 80% acetonitrile + 20% water (v/v); detection: 220 nm. For analytical runs: gradient (A), linear 12-32% B over 20 min; gradient (B), linear 10-30% B over 20 min; flow rate: 1 mL/min. For preparative runs: gradient (C), linear 10-25% B over 30 min; flow rate: 3 mL/min.
General procedure for synthesis of 2a-2c
5-fluoro-1-carboxymethyluracil (2a) and 5-bromo-1-carboxymethyluracil (2c) were prepared using the procedure of Tada M. 2 and Ferrer E. and co-workers 3 , respectively. The spectral data for 2a and 2c were in agreement with those previously reported. 2, 3 5-chloro-1-carboxymethyluracil 2b 5-chlorouracil (1.47 g, 10 mmol) was suspended in a KOH solution of 1.12 g (20 mmol) in 10 mL of water. The suspension was heated to 40 °C for 30 min to form a clear solution. Bromoacetic acid (2.08 g, 15 mmol) dissolved in 5 mL of water was added over a period of 30min at 40 °C. The pH of the reaction mixture was kept at 10 by the addition of KOH aqueous solution. The mixture was then stirred for 3 h at 40 °C. After the reaction was finished, the reaction liquid was cooled down to room temperature, acidified to pH 2 by the addition of conc HCl, and kept at 0 °C for 2 h. The needle-like crystals were collected by filtration, washed with a little cold water, and dried. Yield 1.36 g (67%). 1 
General procedure for synthesis of 3a-3c
Tert-Butyl-N- [2- (N-9-fluorenylmethoxycarbonyl)-aminoethyl]-glycinate hydrochloride (2.16 g, 5 mmol) was dissolved in anhydrous DMF (40 mL) and HATU (2.85 g, 7.5 mmol) and DIEA (2.48 mL, 15 mmol) were added to the solution, followed by a solution of compound 2 (5 mmol) in anhydrous DMF (10 mL). The mixture was stirred under N 2 atmosphere at room temperature for 24 h. After the removal of the solvent under vacuum, the residue was stirred vigorously with water (200 mL) for 1 h. The white precipitate was isolated by filtration, washed with water, and dried under vacuum. The resulting crude product was purified on a silica gel (30% Ethyl acetate/Petroleum ether). N-[2-(N-9-fluorenyhnethoxycarbonyl)aminoethyl]-N-[(5-chlorouracil) 
tert-Butyl N-[2-(N-9-fluorenyhnethoxycarbonyl)aminoethyl]-N-[(5-fluorouracil
tert-Butyl
General procedure for synthesis of 4a-4c
To a suspension of 3 (3 mmol) in anhydrous CH 2 Cl 2 (20 mL) was added TFA (40 mL) at 0 °C over 30 min and then stirred for 6 h at room temperature. The solution was evaporated under vacuum. The residue was triturated and stirred vigorously with diethyl ether (200 mL) for 30 min. The white precipitate was isolated by filtration and dried under vacuum. The resulting crude product was purified on a silica gel (20% MeOH/CH 2 Cl 2 ).
N-[2-(N-9-fluorenyhnethoxycarbonyl)aminoethyl]-N-[(5-fluorouracil) acetyl] glycine 4a
1.70 g of 3a as used, 1.04 g of 4a was obtained as a white form. Yield 68%. 1 
N-[2-(N-9-fluorenyhnethoxycarbonyl)aminoethyl]-N-[(5-chlorouracil) acetyl] glycine 4b
1.75 g of 3b as used, 1.03 g of 4b was obtained as a white form. Yield 65%. 1 H NMR (400MHz, d 6 -DMSO) δ 3.10-3.26 (4H, m, N-CH 2 -CH 2 -N 
Synthesis of PNA oligomers
The oligomers were synthesized on Wang-resin (0.48 mmol/g) by the Fmoc-protocol from the Cterminus to N-terminus. All steps were performed under N 2 atmosphere at room temperature. For first coupling 3 equiv of Fmoc-Lys (Boc)-OH (predissolve in DCM), 3 equiv of coupling reagents (DIC, HOBT and DMAP), and 5 equiv of DIEA and 3h coupling time were used. For subsequent coupling 3 equiv of building blocks (PNA monomers, predissolve in DMF), 3 equiv of coupling reagents (HATU), and 5 equiv of DIEA and 1h coupling time were used. Piperidine (20%) in DMF was used for the Fmoc-deprotecton (30 min). After the last monomer coupling, the oligomers were then cleaved from the solid support (and the protecting groups were simultaneously removed) using a mixture of TFA and TIS (20:1, v/v) for 1 h at 0 °C. 
